###### What are the new findings?

-   For the purpose of preventing aspiration pneumonia and accidental falls, we developed a new concept of home-based exercise that combines training in oral/respiratory function and balance.

-   After exercise sessions three times a week or more for a 6-month intervention period, significant improvements were seen in voluntary peak cough flow and dynamic balance functions.

-   The home-based exercise programme that we developed for prevention of aspiration pneumonia and falls improved cough and motor functions in community-dwelling frail elders.

Introduction {#s1}
============

Japan has the world\'s leading life expectancy and efforts to extend the healthy life expectancy of the elderly are important.[@R1] Myocardial infarction, stroke and cancer had been the three major causes of death in Japan for many years. Because of an increase in mortality due to pneumonia and a decrease in mortality due to stroke in recent years, mortality from pneumonia exceeded that of stroke in 2012, to become the third leading cause of death.[@R2] Among deaths from pneumonia in the elderly, aspiration pneumonia accounted for about 70%, and it was reported to account for about 90% of such deaths among those aged 90 years or older.[@R3] Because of these facts, efforts to prevent aspiration pneumonia have arisen in a variety of health-related areas (ie, fields of nursing, dentistry, oral care, rehabilitation, etc). In general, the local approach is often used for rehabilitation of dysphagia, such as with ice massage to the perioral area,[@R4] movement of the tongue and stretching of the neck. In addition, the Pushing exercise[@R5] to strengthen the glottal closure function and the Shaker exercise[@R6] for strengthening the suprahyoid muscle group as special exercise therapy have been applied. However, even with these approaches, evidence is lacking on prevention of aspiration pneumonia and improvement in the swallowing function. Because the normal swallowing process is basically performed involuntarily by the pharyngeal phase of the swallowing reflex, it is not easy for exercise therapy to improve this reflex. On the other hand, it was shown that the risk of aspiration was increased by insufficient lung capacity and decreased laryngeal elevation due to poor posture.[@R7] Furthermore, activity of abdominal muscles is important for the cough function, which is an important defense reaction to prevent aspiration.[@R8] Unlike an approach to improve the swallowing reflex itself, it is considered that improvement in these factors can be expected through a therapeutic exercise programme using the whole body.

Whole body movements such as for trunk muscle strengthening and posture improvement can be combined with exercise for lower limb muscle strengthening and improvement in important balance functions for fall prevention. We have developed a new home-based exercise programme (Goen-ni Naran Taiso) for the purpose of preventing falls and aspiration pneumonia, as part of the Nara Prefecture Healthy Long Life Joint Venture.

The purpose of this study is to investigate the impact of implementation, on a regular basis, of 'Goen-ni-Naran-Taiso' on the balance and swallowing functions of frail community-dwelling elderly women.

Methods {#s2}
=======

Participants {#s2a}
------------

Participants in this study were 266 community-dwelling elderly women whose condition corresponded to the definition of 'frail elderly' in the 'Kihon checklist'[@R9] [@R10] established by the Ministry of Health, Labour and Welfare ([table 1](#BMJSEM2016000127TB1){ref-type="table"}). Participants were recruited from seven long-term care prevention classes among seven towns and cities in the Nara prefecture in Japan from the 1 to 30th of September, 2014. The participants were excluded if they met any of the following exclusion criteria: (A) the presence of a chronic exhausting disease such as malignancy or infection, (B) involvement in another home exercise programme, (C) regular participation in an exercise class, (D) they could not perform the exercise programme due to severe joint pain and (E) being diagnosed with dementia.

###### 

Participants\' baseline characteristics

  Variables                                 Control group (n=118)   Intervention group (n=148)   p Value
  ----------------------------------------- ----------------------- ---------------------------- ---------
  Age (years)                               75.9 (6.0)              74.6 (5.1)                   0.074
  5 m walking time (s)                      3.22 (1.32)             3.08 (1.43)                  0.427
  TUG-T (s)\*                               7.28 (1.64)             7.04 (2.76)                  0.411
  FRT (cm)†                                 30.4 (7.6)              30.5 (7.9)                   0.946
  CS-30 (times)‡                            17.1 (5.9)              17.8 (5.7)                   0.366
  Sway path EO§ (cm/s)                      1.58 (0.7)              1.58 (0.8)                   0.671
  Sway path EC¶ (cm/s)                      2.3 (1.3)               2.4 (1.2)                    0.811
  Knee extension strength (% body weight)   36.2 (14.2)             38.2 (13.6)                  0.397
  Sit and Reach Test (cm)                   14.2 (8.6)              14.7 (9.3)                   0.534
  VPCF (ℓ/min)\*\*                          252.0 (100.3)           272.9 (123.1)                0.160
  LCF (kg)††                                8.7 (3.7)               9.5 (3.8)                    0.161
  LSNS-6‡‡                                  16.8 (5.3)              17.4 (6.3)                   0.548
  M-FES§§                                   135.9 (8.1)             135.6 (5.1)                  0.744
  Number of fallers (persons)¶¶             38 (32%)                38 (26%)                     0.242

Values are means (SD) except sex (number of males) and number of fallers.

\*Timed Up and Go Test.

†Functional Reach Test.

‡30 s Chair Stand Test.

§Eyes open condition.

¶Eyes closed condition.

\*\*Voluntary peak cough flow.

††Labial closure force.

‡‡Lubben Social Network Scale-6.

§§Modified falls efficacy scale.

¶¶Experience of one or more falls during past 6 months.

Design and intervention {#s2b}
-----------------------

The present study was a single-blinded, pragmatic controlled clinical trial with participants allocated to an intervention group (n=148) or control group (n=118), according to the choice of the participant. Since the recruitment of participants was performed as part of a community support project by the government, we had an ethical obligation to provide the intervention programme to any participant who preferred to receive the intervention. Therefore, it was not possible to randomise the participants. The intervention group first received guidance from research physical therapists in the home-based exercise programme that we developed. Then, the brochures and original DVD that we created showing the exercise programme were distributed to all participants for practice (see online [supplementary video](#SM1){ref-type="supplementary-material"} file). We instructed the participants to perform the exercise programme at home at least three times a week and to record each session on a calendar.
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The home-based exercise programme had 12 elements that combined stretching, breathing exercises, balance training, muscle strengthening and dual-task training (ie, simultaneous processing of cognitive tasks and motor tasks) ([table 2](#BMJSEM2016000127TB2){ref-type="table"}). The time required per session was about 5 min. Horizontal movement (ie, protraction) of the head was aimed to expand the mesopharynx space (Item number 3); strong exhalation and body axis rotation in a single-leg standing position aimed to strengthen the oblique abdominal muscle and peak cough force (Item number 7); and the combination of a forward lunge for lower limb muscle strengthening and the Pushing exercise[@R5] for improvement of the glottal closure function (Item number 8)---are the distinctive movements in this programme. Participants in the control group were advised to maintain or improve their activity in daily life and attend lectures on health. All participants gave informed consent for participation in the study. This study was reviewed and approved by the ethical committee of the Kio University (number H24--20). This study was registered to UMIN-CTR (UMIN000014880) on 1 September 2014.

###### 

Contents of the home-based exercise programme

  Item   Category                                                        Motion                                                                                                                                                  Aim
  ------ --------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------
  1      Neck stretching                                                 Flexion-extension                                                                                                                                       Improve neck flexibility
  2                                                                      Side bending                                                                                                                                            
  3                                                                      Protraction/retraction of head                                                                                                                          Expand the mesopharynx space
  4      Trunk and thorax stretching                                     Side bending and extension                                                                                                                              Improve thorax flexibility
  5      Balance training                                                Turn the hips in a circular motion (shift of the centre of gravity)                                                                                     
  6      Combination of balance and breath training                      Multidirectional step with breath holding (firmly closing lips)                                                                                         Strengthen lip closure force
  7      Combination of trunk muscle strengthening and breath training   In standing or sitting position, one side of the elbow and the other side of the knee moved closer while twisting the trunk, with powerful exhalation   Strengthen lip closure force
  8      Pushing exercise                                                Breath holding---powerful exhalation with arm pushing                                                                                                   Improve breathing and pattern of swallowing and exhalation power
  9      Combination of lower limb strengthening and breath training     Simultaneous execution of the above and forward lunge exercise                                                                                          Strengthen lower limb strength in addition to the above
  10     Dual-task training                                              Box step and clap hands                                                                                                                                 Improve body balance and cognitive function
  11     Tai-chi motion                                                  Slow side step with exhalation                                                                                                                          Improve body balance ability
  12     Deep breath                                                     Deep breathing with arm elevation                                                                                                                       Expansion of thorax

Sample size estimation was based on results of our preliminary study measuring voluntary peak cough flow (VPCF) in older community-dwelling adults (N=34, d=0.6). A sample size of at least 45 persons per group was needed to detect significant differences between groups with a level of α=0.05, a desired power of 80% and a Cohen\'s d=0.6. To accommodate a possible 10% dropout rate before study completion, we established a total of 50 or more participants per group to be required for this study.

At the baseline and after 6 months, all participants were assessed for outcome variables by assessors blinded to the allocation of the participants. The VPCF and maximum labial closure force (LCF) were used as primary outcome variables, as they have a reliable relationship with the strength of cough and swallowing function.[@R11] [@R12] VPCF, defined as the maximal flow volume with a voluntary cough, was assessed using a spirometer (Harada Co, Ltd, Osaka, Japan). Participants were instructed to wear an expired-gas analysis mask and cough as strongly as possible after maximum air intake while in the sitting position. Measurements were taken twice, and the average value of VPCF was recorded. LCF was measured using a Lip-de-Cum and Duckling (Cosmo Instruments Co, Ltd, Tokyo, Japan). LCF was measured by the following procedure in accordance with a previous study:[@R13] Participants in a sitting position were fitted with a device (Duckling), covering large areas of the upper and lower lips, through which the sensor in the LCF measuring instrument (Lip-de-Cum) was inserted. They were then instructed not to bite with the upper and lower jaw but to close the upper and lower lips with maximum force for 15 s.[@R14]

Static and dynamic balance ability, lower limb strength and body flexibility were assessed as secondary outcomes. To measure static balance ability, we measured the centre of gravity\'s sway path length per second, using a stabilometer (Gravicorder GP-31, Anima Co, Ltd, Tokyo, Japan) under conditions of open eyes and closed eyes. The 5 m walking time (maximal speed), Timed Up and Go Test (TUG-T)[@R15] and Functional Reach Test (FRT)[@R16] were assessed as indicators of dynamic balance. We measured maximal knee extension strength, using a hand-held dynamometer (μTas F-1, Anima Co, Ltd) and used the 30-s Chair Stand Test (CS-30) to evaluate lower limb muscle strength and power.[@R17] To measure maximum knee extension strength, we recorded the maximum isometric muscle strength of the knee at 90° flexion with the participant seated in a chair without using the backrest. Measurements were performed twice after one practice session, and the maximum value was recorded. Flexibility of the body was evaluated using the Sit and Reach Test.[@R18] Using a questionnaire, we examined the amount of each participant\'s social support (using the Lubben Social Network Scale-6[@R19]), history of falls in the past 6 months (number of falls) and fear of falling (using the Modified Falls Efficacy Scale).[@R20]

Data analysis {#s2c}
-------------

Statistical analysis was performed using JMP statistical software, V.9.0.0 (SAS Institute Inc, Tokyo, Japan). p Values less than 0.05 indicated statistical significance. Student\'s t tests and χ^2^ tests were used to examine the differences in baseline demographic features and physical function between groups. Pre--post within-group differences in variables were compared using paired t tests. The main analysis of all outcomes examined whether differences at 6 months postintervention existed between the intervention and control groups. To examine the effects of the intervention, a Student\'s t test was used to compare the amount of change between groups. The inter-group effect size was calculated according to Cohen\'s d statistic.[@R21] An effect size \<0.2 reflected a negligible difference, between ≥0.2 and ≤0.5 a small difference, between \>0.5 and ≤0.8 a moderate difference, and \>0.8 a large difference.

Results {#s3}
=======

At the baseline measurements, there were no significant differences in demographic features and physical functions between the intervention group and control group. Among the 148 participants in the intervention group, 138 participants (93.2%) completed the programme three times a week (median: 3 times, IQR, 3--3). No adverse events were reported for any participant after the intervention. In the intervention group, 10 participants stopped performing the exercise (lost interest in exercise: 8 participants, reason not known: 2 participants) and two people did not participate in the outcome measurement after the intervention. Of the 118 participants enrolled in the control group, 72 (61.0%) completed all assessments and 46 participants did not undergo outcome measurements (personal reason: 14 participants, health problem: 3 participants, reason not known: 29 participants). No significant differences in sociodemographic and physical features were found between intervention group and control group participants who did not participate in the final evaluation or who dropped out ([table 3](#BMJSEM2016000127TB3){ref-type="table"}).

###### 

Between group comparison of physical performance parameters between participants who did not complete trial or who dropped out

  Variables                       Control group (n=46)   Intervention group (n=10)   p Value
  ------------------------------- ---------------------- --------------------------- ---------
  Age (years)                     76.2 (6.8)             73.7 (4.3)                  0.271
  5 m walking time (s)            2.88 (0.83)            2.67 (0.38)                 0.442
  TUG-T (s)\*                     6.94 (1.84)            6.13 (1.26)                 0.187
  FRT (cm)†                       29.1 (7.4)             29.0 (8.5)                  0.982
  CS-30 (times)‡                  19.5 (7.7)             19.1 (7.0)                  0.865
  Sway path EO§ (cm/s)            1.36 (0.61)            1.39 (0.36)                 0.897
  Sway path EC¶ (cm/s)            1.85 (0.76)            2.26 (0.91)                 0.139
  Knee extension strength (%BW)   40.1 (12.7)            41.4 (12.2)                 0.761
  Sit and Reach Test (cm)         19.5 (7.7)             19.1 (7.0)                  0.866
  VPCF (ℓ/min)\*\*                263.0 (123.8)          225.5 (77.1)                0.255
  LCF (kg)††                      8.5 (2.9)              8.6 (4.6)                   0.932
  LSNS-6‡‡                        18.5 (4.2)             18.7 (6.2)                  0.919
  M-FES§§                         36.7 (4.1)             37.0 (3.2)                  0.849
  Number of fallers¶¶             3 (6%)                 0 (0%)                      0.406

Values are means (SD) except number of fallers.

\*Timed Up and Go Test.

†Functional Reach Test.

‡30s Chair Stand Test.

§Eyes open condition.

¶Eyes closed condition.

\*\*Voluntary peak cough flow.

††Labial closure force.

‡‡Lubben Social Network Scale-6.

§§Modified falls efficacy scale.

¶¶Experience of one or more falls during past 6 months.

A within-group comparison of each variable after the 6-month study period showed significant improvement in VPCF, 5 m-walking time, Sway path (eyes closed condition), TUG-T, FRT, Sit and Reach Test, maximal knee extension strength and CS-30 in the intervention group. On the other hand, no significant improvements were found in any of the variables in the control group. To demonstrate the effect of our programme, results of between group comparisons showed greater improvement in the VPCF (p=0.004, d=0.47), TUG-T (p=0.02, d=0.38), Sit and Reach Test (p=0.03, d=0.33), knee extension strength (p=0.03, d=0.35) and CS-30 (p=0.007, d=0.42) in the intervention group ([table 4](#BMJSEM2016000127TB4){ref-type="table"}). Furthermore, results of the χ^2^ test showed that the incidence of falls during the study period was reduced significantly in the intervention group (38 participants (26%) at baseline, 17 participants (12%) at the end of study period, χ^2^=8.20, p\<0.01). In the control group, there was no significant reduction in the incidence of falls including that in dropouts (38 participants (32%) at baseline, 26 participants (22%) at the end of study period, χ^2^=3.09, p=0.07). Between group comparisons showed that there was a significant reduction in fall incidence in the intervention group (χ^2^=5.38, p\<0.05).

###### 

Within and between group comparison of variables

  Group                           Control group (n=72)   Intervention group (n=138)   Between group differences (P)   Effect size
  ------------------------------- ---------------------- ---------------------------- ------------------------------- -------------
  5 m walking time(s)             3.00 (0.75)            2.96 (0.87)                  0.06                            
   Pre                            2.83 (0.86)            2.78 (0.74)                                                  
   Post                                                                                                               
   Change                         0.16 (0.66)            0.18 (0.36)                  0.716                           
  TUG-T(s)†                                                                                                           
   Pre                            6.55 (1.55)            6.83 (2.14)                                                  0.38
   Post                           6.70 (1.65)            6.60 (1.73)\*\*                                              
   Change                         −0.15 (1.21)           0.24 (1.07)                  0.022                           
  FRT (cm)‡                                                                                                           
   Pre                            32.3 (7.8)             31.3 (7.6)                                                   0.16
   Post                           31.0 (9.1)             32.7 (6.8)\*\*                                               
   Change                         −1.2 (7.1)             1.4 (6.0)                    0.291                           
  CS-30 (times)§                                                                                                      
   Pre                            18.3 (6.5)             17.6 (5.3)                                                   0.42
   Post                           18.6 (6.3)             19.6 (5.6)\*\*                                               
   Change                         0.3 (4.3)              2.0 (3.8)                    0.007                           
  Sway path EO (cm/s)¶                                                                                                
   Pre                            1.52 (0.50)            1.50 (0.74)                                                  0.34
   Post                           1.46 (0.66)            1.65 (0.93)                                                  
   Change                         0.05 (0.47)            −0.15 (0.70)                 0.052                           
  Sway path EC (cm/s)\*\*                                                                                             
   Pre                            2.24 (1.10)            2.37 (1.32)                                                  0.23
   Post                           2.22 (1.21)            2.17 (1.13)\*\*                                              
   Change                         0.01 (0.60)            0.20 (0.88)                  0.175                           
  Knee extension strength (%BW)                                                                                       
   Pre                            35.9 (15.0)            38.6 (12.5)                                                  0.35
   Post                           36.2 (14.4)            41.2 (10.5)\*\*                                              
   Change                         0.2 (8.8)              2.61 (9.9)                   0.035                           
  Sit and Reach Test (cm)                                                                                             
   Pre                            13.9 (8.6)             14.9 (9.4)                                                   0.33
   Post                           14.5 (10.0)            17.7 (9.7)\*\*                                               
   Change                         0.6 (5.8)              2.8 (6.8)                    0.046                           
  VPCF (ℓ/min)††                                                                                                      
   Pre                            242.0 (96.3)           273.8 (127.4)                                                0.47
   Post                           249.4 (98.1)           316.4 (136.5)\*\*                                            
   Change                         7.4 (73.7)             42.7 (95.4)                  0.004                           
  LCF (kg)‡‡                                                                                                          
   Pre                            9.22 (3.53)            9.77 (3.86)                                                  0.19
   Post                           9.30 (3.12)            9.67 (4.34)                                                  
   Change                         0.07 (3.11)            −0.09 (4.09)                 0.424                           
  Number of fallers§§                                                                                                 
   Pre                            38 (32%)               38 (26%)                                                     NA
   Post                           26 (22%)               17 (12%)                                                     
   Change                         12 (10%)               21 (14%)                     0.02                            

Values are means (SD) except number of fallers. \*p\<0.05, \*\*p\<0.01: Pre-Post comparison.

†Timed Up and Go Test.

‡Functional Reach Test.

§30s Chair Stand Test.

¶Eyes open condition.

\*\*Eyes closed condition.

††Voluntary peak cough flow.

‡‡Labial closure force.

§§Experience of one or more falls during past 6 months.

NA, not applicable.

Discussion {#s4}
==========

In Japan, because of the extension of a healthy life expectancy, a number of home-based exercise programmes have been developed.[@R22] Many of these are focused only on the improvement of motor function, such as lower extremity muscle strength or whole body balance. On the other hand, oral exercises aimed at improvement in swallowing function, such as oral diadochokinesis,[@R25] do not contain elements of a whole-body exercise programme that combines oral movement and whole body motion. In addition, since the effects of general oral exercises have not been demonstrated using objective measures, their effectiveness has not been clarified. The home-based exercise programme used in this study is comprised of general oral exercise and neck and thorax stretching, breathing exercise, balance exercise and whole body movements such as those to strengthen the lower extremities and trunk muscles.

Results showed significant improvement in VPCF in the intervention group. We believe that the reason for this result is the combined effect of trunk rotation movement with the aim of strengthening many breath movements (Pushing exercise and Tai-chi component) and the abdominal oblique muscle in this programme. A previous study indicated the necessity of at least 240ℓ/min or more voluntary cough force for sufficient expectoration.[@R13] Among the 39 participants who had VPCF values below the reference value at baseline, 11 participants had VPCF values above the reference value after the intervention. This indicated the possible therapeutic value of exercise in reducing pneumonia risk. There was no significant change before and after the intervention in the LCF, which reflects the swallowing function. The reason might have been that none of the study participants had a lower value than the reference LCF at baseline so an effect of the intervention was not shown explicitly. Improvements in walking speed, TUG-T, knee extension strength and CS-30, reflect the dynamic balance function and improvements in lower limb muscle strength. Therefore, the programme was effective in improving whole body motor function. The dynamic balance function plays an important role in fall prevention and its improvement possibly contributed to the reduction in the incidence of falls in the intervention group.

In the intervention period of 6 months, adherence to the exercise programme was high: 93.2% of participants performed the exercise at least twice a week. The reason for this could be supported by the fact that participants in the intervention group were provided with the original exercise DVD and a leaflet describing the exercise programme, free of charge, and they could easily perform the exercise at home and without supervision. In addition, each exercise item in the DVD was accompanied by music to match the respective motion. Also, so that the participant could perform only parts of the programme at a given time, the leaflet was divided into chapters. We believe that these support materials affected adherence to the programme.

Limitations {#s4a}
-----------

This study had several limitations. First, this study design was not a randomised controlled trial. The introduction of the home-based exercise programme in this study was not designed for a clinical study, since it was proposed to municipalities as a support programme for community-dwelling elderly people, which may result in a selection bias. In addition, since the participants in the present study were women who were independent in the activities of daily living, generalisation of the study results to apply to elderly men is limited. Second, although VPCF and LCF were principal outcomes of this study, they were surrogate end points that indirectly indicated the swallowing and cough function. In order to directly investigate changes in the swallowing function, it would be necessary to consider the introduction of video endoscopic examinations of swallowing and a simple repetitive saliva swallowing test.[@R26] To reach the final goal of this research for a reduction in the incidence of aspiration pneumonia, there is a need for a long-term survey of the participants in this study.

Conclusion {#s5}
==========

In this study, comparisons in physical functioning were made between a control group that underwent no specific exercise programme and an intervention group that was asked to undertake a 5 min home-based exercise regimen three times weekly for 6 months. Participants were community-dwelling frail older women. We developed this programme to prevent falls and aspiration pneumonia. Results showed that cough force, balance function and lower limb muscle strength were improved in the intervention group, indicating the efficacy of this simple regimen for preventing falls and aspiration pneumonia. That it can be performed rapidly and at home is an advantage to this ageing population.
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